Adenoid cystic carcinoma (AdCC) of the head and neck is a well-recognized pathologic entity that rarely occurs in the larynx. Although the 5-year locoregional control rates are high, distant metastasis has a tendency to appear more than 5 years post treatment. Because AdCC of the larynx is uncommon, it is difficult to standardize a treatment protocol. One of the controversial points is the decision whether or not to perform an elective neck dissection on these patients. Because there is contradictory information about this issue, we have critically reviewed the literature from 1912 to 2015 on all reported cases of AdCC of the larynx in order to clarify this issue. During the most recent period of our review with a more exact diagnosis of the tumor 
INTRODUCTION
Adenoid cystic carcinoma (AdCC) is an uncommon tumor, accounting for about 1% of all head and neck malignancies [1] . It is typically a slowly growing but relentlessly progressive neoplasm characterized by perineural invasion, frequent local recurrences and late distant hematogenous dissemination to the lung, liver, bone and brain. In contrast lymph node metastasis, especially true embolic lymph node metastasis, is infrequent. Although the long term prognosis is poor, some patients may survive 10-15 years or more before succumbing to their disease. In a recent international collaborative study involving nine cancer centers worldwide Amit et al. identified 270 patients with AdCC of the head and neck who underwent neck dissection and observed the overall incidence of neck metastasis to be 29% [2] . In the same year they also observed a 17% incidence of occult nodal metastasis among those patients who underwent elective neck dissections [3] . Because of its rarity, it is uncertain whether their data regarding the frequency of lymph node metastasis might also apply to AdCC of the larynx. To address this issue we critically reviewed the world literature on AdCC of the larynx in an attempt to suggest guidelines for the management of the neck in patients with AdCC at this anatomic site. This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors.
REVIEW OF THE LITERATURE AND ANALYSIS
Minor salivary-type glands are present in most of the laryngeal mucosa: abundantly in the subglottis, false cords/anterior commissure and usually absent from the true cords [4] . Yet despite their presence, glandular neoplasms are distinctly unusual. AdCC is one of the most frequent. Because of their rarity, no single institution has accumulated a large series of cases, and therefore, only single case reports or small series are available for review, which often results in widely conflicting data.
Eschwege et al. [5] reported five cases of AdCC of the larynx and all were free of cervical lymph node metastasis as opposed to Spiro and Huvos [6] who also reported five cases and observed that four had associated positive lymph nodes (80%). Accordingly, to appreciate the potential biological behavior of AdCC of the larynx one often must rely on a composite review of published cases. However, this approach is also hampered by lack of quality data. Some cases are poorly documented with no histologic illustrations, and pertinent clinical and/or pathologic details are often not reported, including long term follow-up (more than 10 years). In addition, recent new histopathological entities have been described that may have been or continue to be confused with AdCC, such as basaloid squamous cell carcinoma, polymorphous low grade carcinoma, epithelial-myoepithelial carcinoma, basal cell adenocarcinoma, and cribriform adenocarcinoma.
With these limitations in mind, we undertook a literature search of PubMed (including Medline) using the search strategy ''adenoid cystic carcinoma larynx'' and ''adenoid cystic carcinoma head neck'' which resulted in 1292 articles, which were hand-searched for pertinent articles. Their reference lists were also searched for additional cases. We excluded cases without a definitive diagnosis of AdCC, cases where the location of the tumor was not definitely the larynx and cases which were included in previously published reviews (as stated in the table, see remarks). As stated above only a few cases reported include a complete staging procedure, the extent of neck dissections, histology images illustrating the definitive diagnosis, why the authors performed a neck dissection, follow-up of the patient, recurrence of the lesion and location of the recurrence. Our comprehensive review of AdCC of the larynx reported in the literature from 1912 to 2015 includes 252 cases as shown in Table 1 [3, (excluded cases have been summarized in Table 2 ). Based on these data, our review indicates that AdCC of the larynx occurs in individuals averaging 52.3 years of age (range 12-84 years) and is more common in males (60.7%). The most frequent site of origin is the subglottis (58.2%) followed by the supraglottis (32.1%) and glottis (9.7%). Of the 252 cases, the status of the regional lymph nodes was specifically mentioned in 156, and of these 24 (15.4%) were associated with cervical lymph node metastasis. Due to the lack of sufficiently long term follow-up, the number of 47 cases reported to have had distant metastasis is probably underestimated.
Of the 24 cases with lymph node metastasis, Table 2 AdCC adenoid cystic carcinoma, AdCC-HGT adenoid cystic carcinoma with high grade transformation, Table 1 because it is not possible to know if they are previously published cases (SEER Database)
DISCUSSION
Salivary gland carcinomas of the larynx are rare accounting for \1% of laryngeal malignancies [116] and it has already been noted that among these AdCC is one of the most common. Their rarity may be in part related to the paucity of accessory salivary (mucoserous) glands in this region [110] . It is reminded that the highest number of minor glands is localized in the subglottis; but they are also seen in the supraglottis and only infrequently in the glottis [80] . Moukarbel et al. [88] , in a 40-year experience at the Princess Margaret Hospital of Toronto identified only 15 cases of AdCC of the larynx and observed the most frequent location to be the subglotis (60%). Others have also noted the predominant subglottic location of this tumor including Batsakis et al. [116] who found that 2 of their 3 tumors also arose in the subglottis as did 7 of the 10 tumors reported by Ganly et al. [80] . In our review of 252 cases of AdCC of the larynx, the exact location of the tumor was available in 165 and of these 58.2%
arose in the subglottis, 32.1% in the supraglottis and 9.7% in the glottis. Considering these data, the incidence of lymph node metastasis seems to be very low, with anecdotal cases reported. There are however several reports that contradict this view. Spiro and Huvos [6] reported five patients with AdCC of the larynx, 4 (80%) of which had associated lymph node metastasis.
TREATMENT SUGGESTIONS
Specific data on neck dissection in AdCC of the larynx are scarce. Therefore, we analyzed mainly the incidence of clinically overt lymph node metastasis in laryngeal AdCC. However, it can be anticipated that when this incidence is about 15.4% and the sensitivity of modern diagnostic techniques to detect occult lymph node metastasis is similar to that for head and neck squamous cell carcinoma, the rate of occult lymph node metastasis after current diagnostic work-up would be around 7%-8%, probably too low to warrant elective neck dissection in this group. Moreover, patients will be more at risk for distant than cervical lymph node metastasis.
Adenoid cystic carcinoma with high grade transformation (AdCC-HGT), however, is another issue that requires special attention.
High-grade transformation (previously referred to as dedifferentiation) is defined as the abrupt transformation of a tumor into high-grade morphology that lacks the original distinct histologic characteristics [119] . These changes may be focal within the tumor and, as a result, AdCC-HGT may not always be appreciated pre-operatively. AdCC-HGT is an aggressive tumor with a high tendency to recur and metastasize to the lymph nodes (at least 50% or higher) and distant organs [120] , as illustrated by the supraglottic tumor reported by Stillwagon et al. [52] , which metastasized to five cervical lymph nodes with extracapsular extension, as well as to the liver, bone marrow, brain, heart, lungs and kidneys. AdCC-HGT must therefore be treated aggressively with due consideration for neck dissection. 
LIMITATIONS

